Objective: To investigate the predictive value of preoperative neutrophil-lymphocyte ratio (NLR) for long-term major adverse cardiac and cerebrovascular events (MACCE), which have not yet been well described, in patients undergoing coronary artery bypass grafting (CABG).
INTRODUCTION
Chronic inflammation plays a central role in the development and progression of atherosclerosis [1] and in its major complications like myocardial infarction [2] and stroke [3] . Inflammatory biomarkers have been identified as useful predictors of clinical outcomes for coronary artery disease (CAD) [4] and cerebrovascular disease [5] . It has been shown that neutrophilia [6] and relative lymphocytopenia [7] are both negative prognostic indexes for outcomes in CAD. Accordingly, previous studies have demonstrated that neutrophil-lymphocyte ratio (NLR) is associated with severity of CAD [8] , adverse events in stable CAD [4] and long-term mortality following ST-segment elevation myocardial infarction (STEMI) [9] . Current methods of risk assessment following coronary artery bypass grafting (CABG) have mainly focused on short-term mortality [10, 11] . Gibson et al. showed the relationship between preoperative elevated NLR and mid-term mortality following CABG [12] . However, the medical literature does not contain data evaluating the association of NLR and the long-term major adverse cardiac and cerebrovascular event (MACCE) following CABG. We therefore evaluated the relations between the pre-procedural NLR and the long-term MACCE incidence in patients undergoing elective isolated CABG.
METHODS

Study Population
The ethical approval was obtained from the local ethics committee and the research was conducted according to the principles expressed in the Declaration of Helsinki. The population consisted of 802 consecutive patients who underwent elective isolated on-pump beating-heart CABG (ON-BH CABG) at Bursa Medical Park Hospital between January 2008 and January 2010. Exclusion criteria were as follows: critical preoperative state (need for inotropic drug support or intra-aortic balloon pumping (IABP), acute renal failure, need for respiratory support, history of preoperative cardiopulmonary resuscitation), previous heart surgery, myocardial infarction within 3 weeks (cTnI>0.01 ng/ ml), or active infection and missing data. Finally, 751 patients (76.8% males and mean age 62.34±9.43) were included in this retrospective study.
Definitions
Preoperative characteristics of the patients: age, sex, smoking status, hypertension, diabetes mellitus, hyperlipidaemia, family history of CAD, obesity (body mass index >30 kg/m²), chronic obstructive pulmonary disease (COPD), peripheral vascular disease (PVD), asymptomatic carotid stenosis, history of stroke, history of myocardial infarction, unstable angina pectoris, history of percutaneous cardiac intervention (PCI), European System for Cardiac Operative Risk Evaluation (EuroSCORE), left ventricular ejection fraction, mitral insufficiency, number of vessel disease, and presence of left main coronary artery (LMCA) stenosis.
The diagnosis of diabetes mellitus was based on previous history of diabetes or fasting plasma glucose ≥126 mg/dl or haemoglobin A1c ≥6.5%. The diagnosis of dyslipidaemia was based on previous history or total cholesterol ≥200 mg/dl or LDL ≥130. Vessel disease was defined as a stenosis of >50% of major epicardial coronary arteries. Estimated creatinine clearance (CrCl) was calculated using the Cockcroft-Gault formula: CrCl (ml/min) = ([140-age] × weight [kg])/(serum creatinine [mg/dl] × 72) (× 0.85 for women) from baseline blood samples. The diagnosis of COPD was based on previous history of bronchodilator treatment or the FEV1/FVC ratio <0.70. Carotid stenosis was defined as a ≥50% narrowing of the internal carotid artery. PVD was defined as arterial disease affecting the non-carotid vasculature. The left ventricular dysfunction was defined as moderate (ejection fraction 0.30-0.49) or severe (ejection fraction <0.30).
Preoperative and postoperative laboratory tests and outcomes were retrospectively collected from hospital records.
Incomplete revascularization was defined as untreated ≥50% diameter stenosis in a major epicardial coronary arteries. Drainage was defined as the sum of the drainage in the first 24 hours. Consumed unit of blood was defined as the sum of the blood units used during hospital stay. Any inotropic support started in the perioperative period was determined as the perioperative need for inotropic support. Perioperative non-ST elevation myocardial infarction was defined as cardiac troponin I (cTnI) >5 µg/L during hospitalization without new electrocardiography change [13] . Perioperative STEMI was defined as cTnI >5 µg/L with new electrocardiography change or echocardiography evidence of a new regional wall motion abnormality. Postoperative renal failure was defined as an ≥100% increase in basal serum creatinine. Pulmonary complications were defined as pleural effusion, atelectasis, phrenic nerve palsy, diaphragmatic dysfunction, pneumonia, acute respiratory distress syndrome, pneumothorax or chylothorax.
Prolonged mechanical ventilation time was defined as total intubation time greater than 10 hours. Neurologic complication was defined as any new transient ischemic attack, stroke or encephalopathy occurring in the perioperative period. Early reoperation was defined as any hospitalization due to CABG related complications (such as sternal dehiscence, mediastinitis) or cardiovascular problems (such as myocardial infarction, congestive heart failure, rhythm disturbance, neurologic complications, pulmonary embolism).
Long-term follow-up was obtained through clinic visits, hospital records and phone calls. All-cause mortality (patient death reported by relatives or hospital records) and MACCE (STEMI, repeated CABG or PCI, need for dual-chamber pacemaker due to decompensated heart failure, stroke, cardiac related or sudden death) were determined.
Surgical Procedure
All procedures were performed by the same surgeon or under his supervision using the ON-BH CABG technique. Following median sternotomy, left internal thoracic artery and other conduits were prepared. Heparin was administered to keep the activated clotting time (ACT) greater than 450 seconds. All procedures were performed without using aortic cross-clamping and cardioplegia. Cardiopulmonary bypass (CPB) was established with an ascending aortic arterial cannula and a right atrial twostage venous cannula, using a membrane oxygenator and a roller pump. All patients were cooled to 32-34°C. Mean arterial blood pressure was maintained in the range of 60-90 mmHg. Distal anastomoses were performed by end-to-side or side-to-side techniques with a running 7/0 Prolene® suture, using a myocardial stabilizer device (Octopus IV, Medtronic Inc., Minneapolis, MN, US). Proximal anastomoses were performed using 6/0 Prolene® suture during the heating period using an aortic side-clamp. After completion of CPB and cannula removal, heparin was neutralized with protamine providing an ACT of less than 160 seconds. Acetylsalicylic acid at a dose of 100 mg and enoxaparin 40 mg SC were initiated on the postoperative 24 hours. All patients were discharged under acetylsalicylic acid therapy.
Laboratory Analysis and Echocardiography
Haematological indices were measured, as part of the automated complete blood count (CBC), using a Cell-Dyn 3700 haematology analyzer (Abbott Diagnostics, Santa Clara, CA, USA). Biochemical analyses were performed with the Architect ci8200 chemistry analyzer (Abbott Diagnostics, Santa Clara, CA, USA).
Transthoracic echocardiography was performed for each patient using a Vivid S3 (GE Healthcare, Milwaukee, WI, USA) with a 1.5-3.6 MHz phased array transducer.
Clinical Endpoint
To identify the effect of the pre-procedural NLR on the longterm MACCE in patients undergoing CABG.
Statistical Analysis
Continuous variables were expressed as mean ± standard deviation. Categorical variables are expressed as percentages. Cox regression analysis was performed to determine independent predictors of MACCE, with those variables with a P<0.1 in univariate analysis been included in the stepwise multivariate model. The odds ratio (OR) and 95% confidence intervals (CI) were calculated. The association between variables was tested using Spearman or Pearson correlation coefficient. Two-tailed P<0.05 were considered significant. Participants were classified into 4 groups using the NRL quartile values. Differences in baseline clinical characteristics among groups were examined by 1-way analysis of variance for continuous variables and chi-square (χ 2 ) test for categorical variables. The cumulative survival curves for long-term MACCE were constructed using the Kaplan-Meier method, whereas differences among the NLR groups were evaluated with log-rank tests. The receiver operating characteristics (ROC) curve was used to demonstrate the sensitivity and specificity of NLR and its respective optimal cut-off value for predicting MACCE. All statistical analyses were conducted using the Statistical Package for Social Sciences (SPSS) software (version 15.0, SPSS, Chicago, Illinois, USA).
RESULTS
The variables for which P was <0.05 in univariate Cox analysis (age, preoperative NLR, CrCl, EuroSCORE, hypertension, asymptomatic carotid artery stenosis, previous myocardial infarction, family history of CAD, insulin-dependent diabetes mellitus, PVD, LMCA stenosis, three-vessel disease, perioperative need for IABP or inotropic agent, length of hospital stay, prolonged respiratory period, perioperative renal failure, mean number of red blood cell transfusion units were identified as potential risk factors for MACCE - Table 1 ).
NLR was a stronger univariable predictor of MACCE (χ 2 =25.8) than the neutrophil (χ 2 =6.2) or lymphocyte count (χ 2 =14.9). Neutrophil and lymphocyte counts and the NLR are mathematically related, but when the NLR was used, its components did not provide additional prognostic information. Therefore, among these markers, only the NLR was entered in subsequent multivariate Cox analysis. In multivariate Cox regression analyses, NLR (OR 1.087, 95% CI 1.026-1.151; P=0.004), family history of CAD (OR 0.409, 95% CI 0.180-0.928; P=0.032), hypertension (OR 2.575, 95% CI 1.416-4.683; P=0.002), prolonged respiratory period (OR 5.438, 95% CI 1.723-17.163; P=0.004) and preoperative renal failure (OR 3.028, 95% CI 1.089-2.048; P=0.026) were still independent predictors of MACCE (Table 1) . Moreover, NLR was the only predictor of MACCE in low-risk, medium-risk and high-risk EuroSCORE groups in the Cox regression analysis (OR 1.113, 95% CI 1.048-1183, P<0.001; OR 1.161, 95% CI 1.060-1.273, P<0.001; OR 1.127, 95% CI 1.012-1.255, P=0.029) ( Table 2) .
Baseline Characteristics
After the evaluation of the patients' data according to the inclusion and exclusion criteria, 751 patients were divided into four groups according to the NLR quartile. The demographic 
Perioperative and Early Postoperative Characteristics
Perioperative and early postoperative patients' characteristics are shown in Table 4 . Patients with higher NLR tended to have more prolonged mechanical ventilation time (P=0.038) and intensive care unit (ICU) stay (P=0.007). They were also more likely to require reintubation or noninvasive mechanical ventilation support (P=0.013). Moreover, they required more blood transfusion (P=0.002), more inotropic support (P=0.048), following CABG. Patients with higher NLR had a higher incidence of early stroke (P=0.034) and early mortality rate (P=0.011). However, operative data, postoperative cTnI levels, length of hospital stay, total blood loss, incidence of mediastinitis and 30day MACCE were similar among NLR quartiles.
Long-Term Follow-Up
Long-term follow-up characteristics of patients are shown in Table 5 . By 7.8 years, 87 (11.6%) of the patients presented MACCE. Patients with higher NLR had lower MACCE-free survival (P<0.001). Accordingly, the cumulative MACCE at one year (P=0.001), at three years (P<0.001) and at 7.8 years (P<0.001) detected significantly more in the upper quartile group. Moreover, patients with higher NLR had higher cardiovascular mortality (P<0.001), more STEMI (P<0.001), more stroke (P=0.005), and more PCI (P<0.001). However, higher NLR was not related to non-cardiovascular mortality. Kaplan-Meier survival analysis of freedom from MACCE revealed significantly lower event-free survival in the upper NLR quartile (P<0.001 by log-rank test) ( Figure 1 ).
ROC Curve Analysis
By ROC curve analysis, the NLR accurately predicted MACCE with an area under the receiver operating characteristics curve of 0.74 (95% CI 0.58-0.80, P<0.001). The positive predictive value increased with higher NLR. NLR of 4.32 was identified as the optimal cut-off to predict MACCE with a sensitivity of 50.6% and specificity of 92% (Figure 2 ). Based on the cut-off value, patients with high NLR (NLR>4.32) had a significantly higher MACCE rate (44.8%), compared with patients with a lower NLR (NLR≤4.32) (6.4%, HR 9.125, 95% CI 5.947-14.001, P<0.001).
DISCUSSION
This study shows for the first time that NLR on admission is associated with long-term MACCE following CABG, independent of the EuroSCORE.
MACCE represents the main cause of serious morbidity and mortality following coronary revascularization and is manifested by myocardial infarction, stroke, decompensated heart failure, repeated revascularization, sudden or cardiac death. However, a standardized evaluation tool for predicting the long-term MACCE for patients undergoing coronary revascularization is lacking. Identifying a model based on demographic and clinical parameters to predict the risk of MACCE is a major concern.
NLR was found to be strongly correlated with severity of CAD [8] , cardiovascular event following PCI [14, 15] , complications following CABG [16] and poor midterm survival after CABG [12] . Although the prognostic value of NLR in cardiovascular events following PCI is well known [2, 9, 14, 15] , the effect of NLR on MACCE in the CABG patients has not been adequately evaluated.
Correlated with the report of Gibson et al. [12] , we also found that NLR is a stronger univariable predictor of MACCE than the neutrophil or lymphocyte count. Accordingly, NLR has been The circle represents the optimal cut-off to predict MACCE with a sensitivity of 50.6% and specificity of 92%. AUC=area under the curve reported to be the most powerful predictor of cardiovascular risk among all other parameters presented in a complete blood count in patients with CAD [17] . This finding may be explained by the cumulative adverse prognostic effect of neutrophilia and lymphopenia.
Similar to previous studies, our study has revealed that increased NLR is associated with factors affecting severity and complexity of atherosclerosis, such as increased age [2, 4, 12, 18] , higher preoperative C-reactive protein [10, 15, [18] [19] [20] or lower CrCl [2, 9, 12, 19] levels, increased incidence of peripheral vascular disease or insulin-dependent diabetes mellitus [20] and history of smoking [15] .
Despite similar baseline left ventricular function, postoperative cTnI levels, or operative data like CPB time, number of distal anastomoses and endarterectomy, the higher NLR quartile shows more need for perioperative inotropic support. This finding may be related to the relationship between non-reflow phenomenon or reperfusion injury and NLR. Sen et al. [15] also reported that higher NLR is associated with reperfusion injury following PCI.
As Gibson et al. [12] , we have found that patients with higher NLR are also more likely to require reintubation or non-invasive mechanical ventilation. Moreover, even though there is no significant difference in terms of COPD among NLR quartiles, higher NLR is related to significantly longer mechanical ventilation time. It is clearly defined that NLR elevation reflects a chronic background inflammatory state which might be exacerbated by CPB or surgery. However, this finding may also be affected by old age, which might lead to poor cardiopulmonary reserve. Unlike the previous study in CABG patients [12] , length of postoperative hospitalization is similar among NLR quartiles. However, length of ICU stay has found to be significantly longer in patients with higher NLR, in consequence of increased inotropic or respiratory support. Although no significant difference is detected in preoperative haemoglobin levels, chest tube drainage, or CPB time among NLR quartiles, patients with higher NLR are likely to require more blood transfusion. Although the mechanism behind this finding is unclear, we believe that the combined effect of CPB and higher NLR on systemic inflammation might cause excessive blood damage during surgery. Therefore, further studies are needed to detect the impact of increased NLR on blood transfusion in patient undergoing off-pump CABG.
Perioperative stroke is significantly more detected in patients with higher NLR. However, no difference was detected among groups in terms of transient ischemic attack or encephalopathy. The relationship between stroke and increased NLR has been shown before [3] ; however, this relation has not been reported in patients undergoing coronary revascularization in the literature previously. Moreover, our study has also revealed the association between higher NLR and in-hospital mortality after CABG. Certainly, an increased neutrophil count is associated with increased background inflammatory state, hypercoagulability [21] , plaque disruption [5, 17] and CPB leads to neutrophil activation [22] . Furthermore, lymphopenia predicts a poorer outcome in patients with coronary disease [17] . Therefore, NLR integrates major parameters that determine MACCE, which might complicate the postoperative course. Correlated with previous publications, patients with higher NLR show a significantly lower MACCE-free survival, and also higher MACCE at 1 year, at 3 years and at 7.8 years. PCI, STEMI and stroke are detected significantly more in higher NLR quartile. As the non-cardiovascular mortality is not to be associated with higher NLR, unlike cardiovascular mortality, the higher all-cause mortality seems to be mainly affected by cardiovascular mortality.
Despite NLR can be obtained simply in a routine blood test, to date, there is no consensus about an NLR cut-off value. Predicting in-hospital mortality following PCI for STEMI, an NLR of 5.44 and 5.9 were reported as cut-off values [2, 23] . Accordingly, an NLR of >5.25 was found as the cut-off to predict short-term mortality in patients with peripheral arterial disease who presented with CLI [24] . Moreover, Kordzadeh et al. [25] revealed an NLR of 5 as a cut-off to predict 30-day morbidity in ruptured abdominal aortic aneurysm. To our knowledge, in this study, we have identified for the first time that an NLR of 4.32 is the optimal cut-off to predict MACCE following elective isolated CABG.
In addition, NLR has found to be the only predictor of MACCE in low-risk, medium-risk and in high-risk EuroSCORE groups. Thus, its long-term prognostic value is independent of surgical risk factors. It seems to be used as an MACCE predictive index in the follow-up for every patient.
The primary limitations of the present study are the reflection of a single centre experience and retrospective design. Moreover, the use of preoperative blood result, rather than repeated samples at regular intervals, does not allow assessment of the change in NLR over time. However, our population contains homogeneous, consecutive unselected CABG patients, relevant to most patients undergoing CABG in the general population. Moreover, all patients were submitted to ON-BH CABG under the same experienced surgeon supervision; therefore, the factors which interact with the frequency of MACCE due to differences in surgical technique were excluded. Furthermore, the single centre nature also ensured that all the blood samples were studied with the same haematology analyser, which ensured the potential variation.
CONCLUSION
NLR is independently associated with long-term MACCE in patients undergoing CABG. This simple, inexpensive predictor might help identify individuals at risk for adverse outcome who might be potential candidates for a more aggressive therapeutic approach to control risk factors. NLR should be used to single out patients at increased risk of MACCE. Future prospective studies and large-scale randomized controlled trials are needed to establish standardized cut-off values for NLR predicting MACCE following CABG and to clarify the underlying mechanisms.
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